This study is about the preparation of two different organoclays with cationic surfactants and their poly(vinyl alcohol) nanocomposites with increased thermal and mechanical behavior. Organoclays were prepared to modify clay mineral with solution intercalation method using aqueous solutions of cationic surfactants dodecyltrimethylammonium bromide (DTABr) and cetylpyridinium bromide (CPBr). Obtained organoclays (D-MMT and C-MMT for DTABr/MMT and CPBr/MMT, respectively) were characterized using different methods including zeta potential and XRD. Results indicated an absolute decrease in zeta potential about 20 mV for C-MMT and 14 mV for D-MMT indicating flocculation and coating of the surface. Moreover, measurements indicated that interlayer distance increased based on basal spacing peak shift whose value was 1.27 nm for NaMMT, whereas 1.40 nm for D-MMT, and 1.75 nm for C-MMT. The organoclays were used in the preparation of PVA/clay nanocomposites; thermal stability of the nanocomposites was determined using TGA, while mechanical strength measurements were done using DMA. The maximum thermal decomposition temperature of the pristine PVA and nanocomposites were compared, and an average increase of 4°C was observed. Also, the activation energy of the decomposition was observed ca. 40 kJ.mol -1 higher than pristine PVA.
INTRODUCTION
One of the popular research topics is polymer/clay nanocomposites and has been studied extensively in recent years. (1) (2) (3) (4) (5) Research in this field has been started with Toyota R&D department's work on nylon in the early nineties in order to produce materials with enhanced physical and chemical properties. Later, other applications of polymer/clay nanocomposites in different industrial fields are also developed such as food packaging, automobile parts, microelectronic packaging, and medical tubing.(5-7) Montmorillonite, which is a member of the smectite group clay minerals, is the most popular material used in polymer/clay nanocomposites. Smectites are composed of approximately 1 nm thick layers with high aspect ratios; each layer consists of one alumina sheet between two silica sheets. Due to naturally occurring network defects, large surfaces of the layers (faces) bear negative charges, and these faces can interact electrostatically with inorganic (exchangeable) cations such as sodium, potassium, calcium which reside among interlayer galleries of the clay mineral. When clay mineral swells in water interlayer galleries expand and the exchangeable cations substitute with organic (i.e., surface active agents or polymeric materials) compounds to form intercalated compounds resulting in an increase in basal spacing of the clay. In some cases, the polymeric matrix may separate the clay layers forming an exfoliated nanocomposite. (8) As the clay surfaces have hydrophilic nature, modifying them to obtain organophilic surfaces with the use of cationic surfactants for exchangeable cations may help penetration of the polymeric material into the galleries finally producing a better and uniformly dispersed clay mineral in the polymeric matrix. Alkylammonium salts are the most used cationic surfactant for production of organoclays. (9) Poly(vinyl alcohol), PVA, is a cheap, water soluble, and non-toxic polymeric material and has many applications in different industrial areas including textiles, and coating. (10, 11) In polymer/clay nanocomposites prepared with PVA polymer matrix may be solely PVA or along with other polymeric materials (such as cellulose, chitosan) in order to enhance material properties. (11) (12) (13) (14) (15) Addition of clay into PVA matrix causes an increase in mechanical and thermal properties as expected as well as enhancements in film formation capability and chemical resistance. Recent studies with PVA indicate that organically modified montmorillonite layers more easily disperse into the PVA matrix uniformly producing an exfoliated nanostructures.
The aim of this study can be divided into two subsections; the first part is the synthesis of organoclays by modification with use of two different cationic surfactants; then the second part is the formation of PVA/organoclay nanocomposites using organoclays via the solution intercalation method. The results are evaluated using different characterizations methods such as spectroscopy (FTIR, X-ray diffraction), dynamic mechanical analysis (DMA), and thermogravimetric analysis (TGA).
EXPERIMENTAL SECTION

Materials and Methods
Poly(vinyl alcohol) (PVA, molecular weight 145 kg/mol), dodecyltrimethylammonium bromide (DTABr, C12H25N(CH3)3Br) and cetylpyridinium bromide (CPBr, C5H5NCH2(CH2)14CH3) were Fluka brand; they were used as received.
The clay mineral was Na-montmorillonite (NaMMT) collected locally from Enez-Turkey.
The dominant clay mineral was found to be dioctahedral montmorillonite with minor amounts of illite and kaolinite. amounts. Then a droplet of the dispersion was placed on a filter paper. When a blue circle around the blot was observed this meant that the clay was saturated with the dye thus releasing an excess of it. CEC for NaMMT was determined as 89 milliequivalents per 100 g clay.
Characterization Methods
The zeta potential measurements were carried out using Malvern Instruments Zetasizer 2000 with an optical unit which had 5 mW He-Ne (638 nm) laser. All dispersions were centrifuged at 6000 rpm for 30 minutes before the measurements then supernatant fraction was used for the measurements.
X-ray diffraction (XRD) analyses of solvent-cast films were performed on Philips PW 1040 at room temperature using Ni-filtered Cu-Kα radiation. The diffractograms were obtained by scanning in 2θ ranges from 2 to 10° at a rate of 2 degrees per minute. 
Preparation of Organoclay
The organoclay as prepared by using cationic surfactants as intercalating agents. NaMMT (10 g) was dispersed in 500 ml 50% aqueous ethanol at 65 °C. Then the surfactant (0.01 M, DTABr or CPBr) was added; pH of the dispersion was adjusted to 3.5 with aqueous
HCl. The dispersion was stirred at 65°C for 1 hour then samples were centrifuged; obtained organoclay (D-MMT or C-MMT) was washed two times with water at 70°C and dried at 40°C.
Preparation of PVA/Organoclay Nanocomposites
Aqueous organoclay dispersion (1% by weight) was shaken for 2 days in order to obtain uniformly and well-swelled organoclay. Then an appropriate amount of the dispersion was blended with 5 g PVA in 200 ml distilled water during 100 minutes at 75(±5) °C.
Obtained PVA/organoclay nanocomposites had organoclay contents of at 1, 2, and 3% by weight with respect to PVA. The products dried at room temperature and named as D-PVA or C-PVA denoting the surfactant used was D-MMT or C-MMT, respectively.
RESULTS AND DISCUSSION
Characterization of Clay and Organoclay Dispersions
Zeta thus desorption of DTABr from clay surfaces to aqueous phase would be higher than CPBr. Once CP + cation was adsorbed by the clay surface, it hardly detached and went back to the aqueous phase, unlike DTA + cation.
Evaluation of the results obtained from XRD and electrokinetic measurements indicated that (a) surfactant molecules were adsorbed by both inner and outer surfaces of the clay, and (b) CPBr intercalated NaMMT more efficiently compared to DTABr.
Characterization of PVA/Organoclay Nanocomposites
The PVA/organoclay nanocomposites (C-PVA and D-PVA) were identified using several spectroscopic techniques. XRD measurements of both nanocomposites with different clay concentrations were done to observe intercalation of PVA into interlayer galleries of the organoclay. Basal spacing peak (d001) of NaMMT was absent in all diffractograms of PVA nanocomposites ( Figure 2 ). The disappearance of the d001 peak might be attributed to the shift of this peak under 2° diffraction angle due to highly intercalated or completely The structure of the PVA nanocomposites was also analyzed using FTIR spectroscopy.
FTIR spectra of PVA, NaMMT, and nanocomposites were first evaluated separately then 
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derivative data in R software with centering. Analysis of total the variance change yielded that the first three principal components (PCs) were responsible for 99.05% of the total change. Further analysis of the PCs indicated that PC1 was responsible for 92.48% of the total change, while PC2 and PC3 were 4.05% and 2.49%, respectively. Thus plotting PC1 versus PC2 gave a meaningful comparison for the classification of the samples. Scores plot was shown in Figure 4a . As seen in the scores plot PVA and NaMMT located at opposite sides of the PC1. This occurrence was examined using loadings plot (Figure 4b ).
In the figure PC1, PC2 and derivatives of PVA and NaMMT were plotted with raw spectra at the bottom. PC1 and derivative PVA had the same signals at the same positions with the exception of the sign; thus PVA was located at the left-hand side of the PC1.
However, derivative NaMMT and PC1 had an in-phase correlation placing the NaMMT on the positive side of the PC1.
As a result of the PCA analyses, PVA, NaMMT, and composites located in different parts of the scores plot indicating they had spectral features concerning derivative FTIR spectra.
It could be concluded that the appearance of the samples at different portions of the scores plot was attributed to the change in the FTIR signals and it was related with the amount and type of the organoclay used. 
Thermal and Dynamic Mechanical Characterization of PVA Nanocomposites
Thermogravimetric analyses (TGA) were done to determine the contribution of organoclay to the thermal stability of the PVA; results of thermal analyses were summarized in Table 1 . TGA thermograms, regardless pristine or organoclay containing PVA, showed about 7% weight loss starting from 80 to 200 °C which was attributed to water loss adsorbed by the sample ( Figure 5 ). Char amount at the end was about 4.8%
for PVA and D-PVA samples. However, C-PVA samples displayed lower char amount (2%) compared with other samples. Maximum degradation temperature of the samples was determined using the first-order derivative of weight loss-temperature plot. In terms of degradation temperature pristine PVA displayed two maxima; a major signal (T1) at 378 °C as a peak, and a minor distinguishable signal (T2) at 441 °C as a shoulder. Thus thermal degradation kinetics of PVA could be separated two main parts; the first part was mainly related to dehydration and decarboxylation and second part covered more complex reactions and chain scissions. (26) (27) (28) (29) The first part of the decomposition started around 300 °C which was observed as a shoulder in derivative TG plot (Figure 5b ). This data was consistent with the literature cited.
Organoclay addition caused an increase in both degradation maxima of the PVA as an indicator of enhanced thermal stability. The degree of improvement was related to the organoclay used. In the case of C-PVA samples T1 position was observed at 382°C, approximately 5°C higher compared to pristine PVA regardless of C-MMT content. In a similar manner T2 values were observed at higher temperatures; however, this time clay proportion caused some variations. T2 peak was at 444°C for C-PVA with 1% C-MMT content, 3 °C higher compared with pristine PVA; each 1% clay increase in C-MMT content caused an approximate increase of 3 °C. In the case of D-PVA a small increase in T1 was observed compared to pristine PVA with an approximate value of 2.5 °C for 1 and 2% D-MMT content and ca. 1.0°C for 3% C-MMT; however, T2 values were comparatively same regardless of clay content.
The detailed examination of the thermograms was done to find out decomposition activation energy values as a measure of thermal stability using Broido's method with Python SciPy and NumPy modules with a single run TGA measurement to evaluate the data. After the data acquisition some necessary manipulations were done to create the plot of the ln(ln 1/y) as a function of reciprocal temperature whose slope was the activation energy over universal gas constant where y was the fraction at temperature t regarding the remaining and starting weights of the decomposition (Wt, W∞, W0).
Having multiple regions with different slopes, the plots indicated that degradation followed different reaction routes at various orders. The whole degradation region was divided into subdivisions whose boundaries were determined using correlation coefficient values; boundary value was changed until the highest correlation coefficient (r 2 > 0. C-PVA and D-PVA nanocomposites.
The storage modulus, E', could be used as a measure of the energy stored elastically in the system. Results of dynamic mechanical analyses (DMA) were summarized in Table 2 .
Introduction of organoclay into PVA matrix also enhanced mechanical strength due to c Found from the peak position of tan δ.
Evaluation of thermal and mechanical analyses indicated that both thermal and mechanical stability of PVA nanocomposites were better than raw PVA polymer even in addition to the smallest amount of clay at 1% by weight.
CONCLUSIONS
Two different types of organoclay were synthesized using cationic surfactants DTABr and CPBr. Spectral and electrokinetic measurements indicated that interactions among clay particles and surfactant mainly occurred at surfaces resulting in surfactant covered clay particles and these interactions also caused an increase along interlayer spacing of clay structure. These organoclays were used to obtain PVA nanocomposites at different proportions of 1, 2, and 3% by weight. Dispersing C-MMT in PVA matrix with different proportions gave C-PVA nanocomposites while using D-MMT produced D-PVA. Spectral characterizations showed that PVA nanocomposites were obtained with the organoclays.
Thermal and mechanical analyses proposed that properties of nanocomposites were enhanced in thermal and mechanical aspects for both nanocomposites concerning pristine PVA. When C-PVA and D-PVA nanocomposites were compared, it was deduced that interactions among PVA chains and organoclays were fairly different. 
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